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File Nos. SES-MOD-20151231-00981, SAT-MOD-20151231-00090, and SAT-
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Dear Ms. Dortch:

On Friday, June 16, 2017, representatives of the aviation and aerospace communities —
specifically representatives of Aviation Spectrum Resources, Inc. (“ASRI”), Airlines for
America (“A4A”), and Helicopter Association International (“HAI”) and a representative of
Aerospace Industries Association (“AIA”) (collectively, the non-Commission participants
referred to herein as the “Representatives”) — met with staff from the Wireless
Telecommunications Bureau, the Office of Engineering and Technology, the International
Bureau, and the Public Safety and Homeland Security Bureau of the Federal Communications
Commission (the “Commission”) to discuss the above-referenced license modification
applications of Ligado Networks, LLC (the “Applications™). A list of the meeting participants is
appended hereto as Attachment A. ASRI, A4A, and HAI were members of the Joint Aviation
Parties and the Joint Aviation Reply Commenters raising concerns about Ligado’s proposals in
comments and reply comments submitted in the above-referenced dockets and files in response
to the Commission’s April 22, 2016, Public Notice.! AIA filed both comments in response to the
Public Notice and reply comments in these proceedings as well.

Comment Sought on Ligado’s Modification Applications, Public Notice, IB Docket Nos.
11-109 and 12-340 (rel. Apr. 22, 2016) (“Public Notice”)
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The Representatives countered the false notion raised in recent filings by Ligado, most
recently its June 5, 2017, ex parte, that all opposition to its proposed modifications have been
fully addressed and consensus reigns. > The Representatives underscored that the issues the
aviation and aerospace communities raised earlier in their earlier comments and ex parte
submissions in these matters regarding Ligado’s proposals have largely gone unresolved since
last summer. The Representatives explained that they are not opposed to the sort of services that
Ligado wants to provide per se — indeed, they recognize the prospective value of the solutions
that Ligado claims it will offer to even the aviation and aerospace industries — but noted that,
because of the paramount importance of safety of flight, the aviation and aerospace industries
maintain grave doubts about Ligado’s chosen location in the radio frequency spectrum and how
Ligado plans to offer its services. The open issues turn on the serious potential for spectrum
incompatibility affecting safety of flight between Ligado’s proposed operations and certified
aviation and non-certified precision GPS receivers on aircraft, aviation safety satellite
communications (“SATCOM”) in adjacent 1600 MHz bands, and reception of weather satellite
date broadcast in and adjacent to the 1675-1680 MHz band. In the June 16 meeting, the
Representatives focused exclusively on GPS and SATCOM issues.?

The Representatives discussed the serious concerns with Ligado’s proposed solution for
certified aviation GPS receivers, namely, protection from harmful interference pursuant to a
technical criterion of 250 feet horizontally from a Ligado antenna and 30 feet above the antenna.
They underscored that such a solution would fail to protect the safe navigation of helicopter
operations in many common scenarios. Mr. Chris Martino of HAI explained that helicopters
depend on GPS due to their regular operation at low altitudes. He noted that, unlike fixed-wing
aircraft, helicopters conduct most of their operations below 5,000 feet, and very commonly
below 500 feet, especially in emergency situations such as medical evacuations, firefighting, and
surveillance, during which helicopters frequently land or take off in unprepared sites as well as

2 See from Gerard J. Waldron, Covington & Burling LLP, Counsel to Ligado Networks

LLC, to Marlene H. Dortch, Secretary, Federal Communications Commission, IB Docket
Nos. 11-109 and 12-340; IBFS File Nos. SES-MOD-20151231-00981, SAT-MOD-
20151231-00090, and SAT-MOD-20151231-00091 (filed June 5, 2017) at 1-2 (“The
United States Government should recognize [the] consensus of industry and scientific

opinion expressed in this proceeding and put this vital mid-band spectrum to work in
building our 5G and IoT future”).

The Representatives indicated that they intended to address the issues surrounding
Ligado’s Petition for Rulemaking for a proceeding to consider adoption of rules to make
1675-1680 MHz available for commercial mobile operations at a separate time, although
they noted that the issues that Ligado wishes to defer to a rulemaking regarding its
proposed use of that band are sufficiently briefed that they should be addressed before
any Commission decision is made to proceed with a rulemaking and additional rounds of
comment. If these questions cannot be resolved or further refined based on the record
compiled to date which reflects broad opposition to Ligado’s plans from many sectors of
government and the economy — the initiation of a rulemaking proceeding would be
redundant and inefficient.
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on or in roads, parking lots, and fields. Such flight profiles often obstruct other ground based
navigational aids, and GPS is therefore often the only external navigational data available.
Despite pilots operating using Visual Flight Rules (“VFR”) at these distances, GPS reception is
still critical for terrain avoidance and position reporting with other air users. In addition, visual
navigation is not always possible or reliable, especially at night and in bad weather. Mr. Martino
emphasized that the concern is very real given that Ligado estimates as many as 10,000-20,000
antenna sites.

The Representatives explained that the results from the review by Special Committee 159
(“SC-159) Radio Technical Commission for Aeronautics (“RTCA”), requested by the Federal
Aviation Administration (“FAA”) of the Ligado-conducted studies to certified aviation GPS
receivers of the potential for interference Ligado plan demonstrated numerous lingering
problems. The December 2016 summary report from SC-159 Working Group 6 (“WG6™)
indicates that the results of the review, at best, from Ligado’s perspective, were incomplete and
inconclusive — but only because Ligado stood in opposition to other participants.* WG6 could
not achieve consensus on many aspects of the technical analysis.> The participants (with the
exception of Ligado) also stressed the importance of FAA or RTCA conducting further reviews
of the tools and numbers behind the Ligado results.® As explained at the meeting, to the
Representatives knowledge, based on communications with FAA officials, the FAA, contrary to
Ligado’s claims in its June 5 ex parte, has never endorsed the Ligado proposal or its solutions to
afford protection against harmful interference to certified aviation GPS receivers.

The Representatives also discussed the importance of fully understanding the potential
impact from Ligado handsets on precision and other non-certified GPS receivers before action is
taken. They emphasized the importance of examination of the yet-to-be-released Department of
Transportation (“DOT”) Adjacent Band Compatibility (“ABC”) assessment which
comprehensively analyzed this potential. The Representatives explained that the ABC
assessment accounts for the full range of ways in which non-certified receivers are used by
aviation, unlike the studies Ligado commissioned or relies upon which focus on the position
parameter but ignores key metrics such as velocity. The DOT initial results indicate, as the
Representatives explained, that serious concerns remain regarding the potential impact from
Ligado’s proposed operations on important non-certified receivers used by aviation (let alone in
other contexts).

4 Summary of Ligado Proposal Review by RTCA SC-159, WG6, as approved by RTCA
SC-159, RTCA Paper No. 333-16/SC159-1055 (dated December 13, 2016) available at
https://www.rtca.org/sites/default/files/sc-159 _wgb response ligado.pdf. (attached
hereto as Attachment B)

See discussion in id. at 3-5.
6 Id at 6.
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Turning to the issue of SATCOM, the Representatives explained that they generally
support the concerns raised by Iridium in these proceedings and its conclusion that Ligado’s
Ancillary Terrestrial Component (“ATC”) handsets present a real danger of out of band
interference to SATCOM. Aviation is concerned about the potential impact on both Inmarsat
and Iridium systems, and ASRI is looking closely at the publicly available spectrum
compatibility analyses of both Ligado and Iridium filed into the record. ASRI is considering a
response within the next few months.

At the meeting, the Representatives explained that the interference to SATCOM is a
problem with a potentially wide impact. They noted that it is a misconception that SATCOM
operations need to be protected only over the oceans. As an initial matter, SATCOM systems
must be tested on the ground successfully before takeoff, since it is too late to find that the
systems do not work, if that is the case, once the aircraft is entering oceanic airspace.
Additionally, SATCOM is used in other situations as well, such as relaying of aircraft health data
during all phases of flight, and is an important back-up capability if there a loss of VHF radio
connectivity while in the United States.

The Representatives expressed their concern about the potential impact to the Inmarsat
system, especially since, in December 2015, Inmarsat filed with the regulator in the United
Kingdom concerns about compatibility with Ligado (at separation distances of over 30 miles).”

It has not been clarified why Inmarsat’s concerns would not be similar in the United States since
SATCOM receivers are standardized worldwide. While Inmarsat has claimed in the record of IB
Docket Nos. 11-109 and 12-340 that there is an interoperator cooperation agreement between it
and Ligado “that paves the way for Ligado to develop its L-band ATC network while allowing
Inmarsat to continue providing services and innovating in the L-Band” that document has not
been made available to the Commission or the public in these proceedings. Nor has the technical
or operational basis for that arrangement ever been explained.® The Representatives asserted that
such non-public information should not be the basis for a Commission decision that could, as a
general matter, adversely impact all members of the flying public. Indeed, Inmarsat late last year
disclosed that its “interference mitigation strategy [with Ligado] may not be successful.”®

Finally, the Representatives raised the concerns with any necessary retrofit of aircraft
with new SATCOM transceivers. The cost to retrofit the airlines with new SATCOM terminals

7 Inmarsat Response, OfCom Consultation Document: New Spectrum For Audio PMSE
(Dec. 18, 2015). Available at
http://stakeholders.ofcom.org.uk/binaries/consultations/newspectrum-audio-
PMSE/responses/Inmarsat.pdf

8 See Reply Comments of Inmarsat Inc., IB Docket Nos 11-109 and 12-340 (filed June 21,
2016), at 1-2.

Inmarsat Group Limited — Interim Results 2016 — Supplemental Disclosure 14 September
2016 at 6, available at http://www.inmarsat.com/wp-
content/uploads/2016/09/Supplemental-disclosure-document-14-September-2016.pdf
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would be huge, if this is even possible for certain types of interference. Mr. Robert Ireland of
A4A suggesting that the total cost of retrofitting, including development and servicing, could be
in near a billion dollars. Who would pay for the retrofit and how that would be done equitably if
necessary is a subject that has not even been broached by Ligado with the airline industry. In
addition, any retrofit would take a considerable amount of time and present logistical challenges
that could adversely affect air travel: new FAA certifications would be required (i.e., new
Minimum Operational Performance Standards (“MOPS”)), design and development of the new
equipment would have to occur followed by production, and then implementing the retrofit
would require scheduling aircraft to be taken out of fleet operations temporarily as the work is
done and would likely extend over several years.

In closing, the Representatives reiterated their position that the Commission should not
move on Ligado’s proposals until the many remaining open issues — issues that Ligado has
mischaracterized in its ex parte presentations as successfully closed by consensus among the
potentially affected parties — are adequately addressed.

This ex parte notice and its attachments are being filed with the Office of the Secretary of
the Commission as require by Section 1.1206 of the Commission’s rules.

Please direct any questions to the undersigned.
Respectfully submitted, ‘
o o ) g %\K
dward A. Yorkgitis, Jr)

Counsel for Aviati ctrum
Resources, Inc.

Cc:  Charles Mathias
Aalok Mehta
Ronald Repasi
Paul Murray
Michael Ha
Robert Nelson
Chris Anderson
Alex Vetras



Attachment A
Attendees at ex parte meeting on June 16, 2017

Aviation and Aerospace Representatives:

Cortney Robinson, Aerospace Industries Association

Robert Ireland, Airlines for America

Andrew Roy, Aviation Spectrum Resources, Inc. (‘ASRI")

Edward A. Yorkgitis, Jr., Kelley Drye & Warren LLP, counsel for ASRI
Chris Martino, Helicopter Association International

Federal Communications Commission Representatives:

Charles Mathias, Wireless Telecommunications Bureau

Aalok Mehta, Wireless Telecommunications Bureau

Ronald Repasi, Office of Engineering and Technology

Paul Murray, Office of Engineering and Technology

Michael Ha, Office of Engineering and Technology

Robert Nelson, International Bureau

Chris Anderson, Public Safety and Homeland Security Bureau

Alex Vetras, Wireless Telecommunications Bureau (summer law intern)
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WG-6 Summary and Response

In the 19 Oct. 2016 letter to Margaret Jenny, President of RTCA, Inc., the FAA requested that the RTCA
review two documents that are part of Ligado’s proposals for ensuring compatibility between its
handsets and aviation certified GPS receivers [1] and its terrestrial downlink stations and aviation
certified GPS receivers [2].

RTCA, in turn, asked SC-159 to review the technical aspects of the proposal while the TOC (Tactical
Operations Committee) would address the operational aspects of this proposal. The goal of this review
within SC-159, per guidance from the FAA, is to provide technical feedback on the assumptions and
methodologies espoused by Ligado in its assessment of the compatibility between Ligado
Downlink/Uplink and certified aviation GPS solutions.

Multiple telecons were held (10/28/16, 11/4/16, 11/10/16, 11/17/16, 11/22/16, 11/30/16,12/2/16,
12/5/16) to disposition comments from SC-159, WG6 (which addresses GPS interference
characterization within SC-159) on the Ligado proposal. As part of this review, 34 comments were
compiled from multiple WG6 participants. These comments {3] are provided in the form of a comments
resolution matrix for further review. In response to comments on the proposal, Ligado has provided
additional information for review [4][5][6][10]. In addition, some of the original commenters then
provided follow on responses to specific comment items which are included [7][8] for further reference.

Pursuant to discussions with stakeholders from Ligado and the aviation community with WG6, some of
the comments posed were dispositioned with consensus. However, a total of 15 other comments for
which WG6 could not establish consensus are highlighted for reference in the comments matrix [3]. No
formal comments were received on the Ligado Uplink Proposal {1].

Broadly speaking, the following are the items which WG6 did not achieve consensus:

1. RFI Propagation (Channel) Model: Ligado’s position is that a deterministic (vs. probabilistic)
approach on channel modeling is more appropriate because its analysis shows that a
probabilistic model results in anomalous results (e.g. showing increased rare power RFl levels
from base stations that are farther away from the helicopter relative to nearby base stations,
which does not comport with RFI physics) for the aggregate RFI contribution from adjacent base
stations. If a probabilistic approach is taken, Ligado urges that a conditional probability approach
should be used in lieu of a per event characterization as the exposure probabilities are much
smaller (due to substantial base station EIRP reduction). The other WG6 participants’
perspective is that the probabilistic approach presented in the marked-up original FAA ABC
study methodology document [9] in fact works well and must be used for the cases in the Ligado
proposal [2] under review to comply with the pertinent safety standards. These issues are
discussed in further detail in comment 23.
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2. Safety margin: Ligado’s perspective is that, in a deterministic model, a 6 dB safety margin is
appropriate for evaluating helicopters in level flight. Ligado also states that 2 dB safety margin is
appropriate for evaluating helicopters in a banked or pitched attitude, asitis highly unlikely
(based on Ligado’s conversations with HEMS operator Metro Aviation) that helicopters would be
in such a position, close to ground level and travelling at the speed required to even maintain a
25° bank/pitch — all in such close proximity to an obstruction. Additionally, Ligado states that in
such events, these aircraft are being operated under VFR and not relying on GPS for obstacle
and obstruction clearance and avoidance. The other WG6 participants’ perspective is that the
probabilistic approach with mean and rare RFI limits (6 dB and 2 dB, respectively, below the
MOPS adjacent band tracking threshold) must be applied simultaneously on a per-event basis
independent of aircraft attitude to comply with the relevant FAA recommendations; otherwise,
an appropriate safety margin is not maintained. The per-event probability may not be
apportioned further as a per exposure conditional probability for the same reasons. Other WG6
participants would like to clarify that GPS is being used or relied upon for obstacle and
obstruction clearance and avoidance under VFR conditions {HTAWS). These are discussed in
further detail in comments 7, 12, 24.

3. 250 ft. standoff radius partially based on OOBE: Ligado proposes a 250’ radius cylinder around
towers for the purposes of modeling RFI. They based this proposal on their assessment of
previous FAA proposals, consultations with industry experts and an assessment of the existing
RF environment. In its assessment of the RF environment, Ligado refers to a technical analysis
of the out-of-band emissions of other FCC-licensed wireless services, and concludes, based on
information it has compiled from publicly-available FCC information, that emissions into the
GNSS band from other sources are in excess of the RTCA criteria and that interference could be
observed by certified GPS devices operating within 250 feet of a cell site. The other WG6
participants’ perspective is that, after further discussion with Ligado, there is no conclusive
evidence from the data presented that these higher levels of unwanted emissions from PCS and
other sources exist in the GNSS band. WG6’s assessment of the data presented by Ligado [6] is
that this information is based on FCC filings predicated on conducted emissions testing and not
necessarily reflective of the RFI environment as seen in the GNSS band. The conducted emission
data in the test reports cited as evidence by Ligado are the result of the test equipment noise
floor. These are discussed further in Comments Matrix lines 3, 22, 32, 35.

4, Mechanism for Co-ordination of a potential Ligado deployment: Ligado has stated that it will
ensure its network fully meets FAA conformance standards for instrument approaches to
airports and heliports. Ligado further states that it has focused its efforts on developing the
overall conformance methodology and will create its compliance plans once that methodology
has been approved by the FAA. The other WG6 participants expressed concern that it is not
clear how such conformance will be enforced and with uniform adherence to the FAA's obstacle
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clearance criteria achieved for existing and future instrument procedures and related 14 CFR 77
requirements. Other WG6 participants also propose that the FAA recommend to the FCC that
base station power level monitoring relative to the required RFI limit by Ligado’s network
operations center should be included as a license condition. This is discussed further in
comments 6, 26, 35.

5. Determination of aggregate RFI backoff: Ligado provided an aggregate power backoff analyses
based on deterministic path loss modeling. Ligado’s perspective is that base station design best
practices would require that macro cells, typically using taller antennas, will have larger inter-
site distances than small cells using shorter antennas in order to avoid self-interference. Ligado
believes any license restrictions should be deferred to the regulatory bodies. The other WG6
participants believe that the aggregate power backoff analyses provided by Ligado in its
proposal is not expected to address all combinations of possible base station rollouts. To
address this concern, one proposal from other WG6 participants is to have a license condition
that restricts antenna base station configuration as a function of ISD. This is discussed further in
comments 7, 18 and 25.

6. Evaluation of GPS signal acquisition, initialization and power up needs in the vicinity of a Ligado
Downlink base station: GPS Acquisition was not stated as a requirement per the original FAA
tasking letter (2014 letter and RTCA response in 2015). Ligado believes the difference between
acquisition and tracking thresholds do not create additional risk to safe helicopter operations.
Based on Ligado’s discussions with Metro Aviation, an HEMS operator, Ligado says there is an
extremely small likelihood of a helicopter landing in close proximity to a transmitter that would
create power levels on the ground that would interfere with GPS acquisition following a
shutdown and restart of the aircraft. In the extremely remote chance that such a situation did
occur, normal IFR operating procedures should provide the aircraft adequate time to reacquire
prior to entering IMC conditions. The other WG6 participants’ perspective is the following: If the
power levels for the current Ligado proposal were to be lowered to support a standoff distance
of 250 ft. around a base station, this deployment configuration is expected to pose a different
set of impacts to rotary wing and UAV operations. For example, this could include impacts to
GPS initialization, power-up, and sateliite acquisition for EMS helo operations. Per RTCA/DO-
229D MOPS, certified safety of life GPS receivers are required to establish initial acquisition
within 5 minutes from power up. This time window may result in inadequate operational
capability under IMC conditions if the helo operator were to commence operations prior to GPS
signal acquisition. Analysis of the acquisition should be performed using the compatibility
criterion that the mean RFI power should be such that the probability of exceeding a level 6 dB
below the RTCA MOPS adjacent band threshold is less than 1 x 107, This is discussed further in
comments 33 and 34.
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Review of the tools and the numbers behind the final results: Ligado’s perspective is that this is
not in the scope of the current review but has agreed to share the tools used after the
evaluation methodology has been finalized by the FAA. The FAA clarified that the specific tools/
numerical results were not within the scope of the requested review. The other WG6
participants believe that it is necessary to review the tools and final numbers before RTCA / or
the FAA’s evaluation is finalized. Given the complexity of the algorithms and the potential for
implementation error, other WG6 participants believe, it is important for aviation safety to have
an FAA or RTCA replication of the results presented by Ligado, and a review of its specific
implementation of the algorithm. This is discussed in comment 9.

References
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Certified Aviation GPS Receivers

A method for calculating adjacent band RF interference power received by a certified aviation
GPS receiver from proximate terrestrial base stations - Ligado

Ligado Proposal Review - Comments Matrix - Final - TO SC-159.xls — Attachment 1

Ligado Responses to WG6 11-8-16.pdf

Ligado Responses to WG 6 - Release 2 11-16-2016.pdf
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Garmin Comments on Ligado Reponses 11-16-2016.pdf
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Appendix A: Comment Matrix

Comment | Author Section | Page Comment Suggested Resolution Action History/Description Action Status
iD Resolution
John Foley Generat Garmin's settlement agreement with Ligado
(applies to all provides that nothing in that agreement constitutes
comments) an endorsement of Ligado's proposed network.
The agreement, however, does include restrictions
on Garmin's ability to object to certain matters.
Accordingly, Garmin’'s submission with respect to
this Ligado Downlink Assessment matrix relates
solely to interference issues regarding certified
Garmin GNSS aviation equipment caused by
Ligado’s use of the 1526-1536 MHz spectrum. A
short statement noting this point is included in
Garmin's matrix entries.
2
sl JohniFoley “The submission relates sole!y to certrﬁed Garmm Provide the details |: Consensus has not been | 1) Ligado to provide additional references in relation to this | WGE to provide
£ GNSS aviation equ:pment , : | of this technical - | achieved on this item:: query (Presentation’is in recol |gado 10 send WG6a' | feedback to RTCA
.| analysis for RTCA Ligado perspective: = ‘copy of the same), 2) Ligado t information'on” ! per the 'eso|ut10n
Ligado refers toa techmcal analysxs of the out-of- review. : Evidence suggests ihat noise floor of OOBE from base stanons into the GNSS*- 7| column '
band emissions of other. FCC-licensed wireless | emissions into the GNSS - band. Ligado provided information on this on 11/8716. e
services; but does not provide any details of this | band from other sources Garmm responsed to the same on 11/16/16:
analysis besides the conclusion the interference | areinexcessofthe - .
would be‘observed by certified GPS devices : ~RTCA criteria, WGG
“operating within 250 feet ofa cell sxte | perspective: “There is no
conclusive evidence from
This oonclusuon is prowded asa ]usnﬁcahon fora | the data presented that
250 foot radius standoff cyhnder around 1 a L:gado | we have these higher -
base statlon tevels of OOBE from PCS
nd other sources in the
3
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John Foley

Introduction

The submission relates solely to certified Garmin
GNSS aviation equipment:

Ligado asserts that rotorcraft operators do not use
certified GPS equipment when operating in close
proximity to structures of any kind. This assertion
is used as a justification for a 250 foot radius
standoff cylinder around a Ligado base station.

This assertion ignores the presence of power lines
that are within a base station's 250 foot radius
standoff cylinder. These power lines are not easily
seen in daylight VFR conditions. Some HTAWS
equipment provides additional GPS-based safety-
enhancing power-fine alerting to warn pilots of such
obstacles.

The assessment
of the suitability of
a 250 foot radius
standoff cylinder
around a Ligado
base station
should consider
risks imposed by
power lines and
other hard-to-see
obstacles that are
within the standoff
cylinder and for
which Garmin
certified
equipment
provides
warnings.

This is an operational
concem and is expected
to be addressed by the
TOC

1) How close to the power lines can the equipment
operate - John Foley, 2) How close to the other cell towers
can the equipment operate - John Foley. Garmin
responsed to the same on 11/30/16:

1) Garmin is not aware of any GPS interference issues
arising from proximity to power fines. The following two
papers describe analytical and test resuits that confirm
that power lines do not impact GPS receiver performance:

i. J. Michael Silva, Robert G. Olsen, “Use of
Global Positioning System (GPS) Receivers Under Power-
Line Conductors”, IEEE Transactions on Power Delivery,
Vol. 17, No. 4, October 2002

ii. J.B. Bancroft, A. Morrison, G. Lachapelle,
“Validation of GNSS under 500,000 Voit Direct Current
(DC) Transmission Lines”, Computers and Electronics in
Agricuiture, Volume 83, April 2012.
http://plan.geomatics.ucalgary.ca/papers/bancroftetal2012-
500kvinterference%20planweb%2028feb12.pdf

2) Regarding the operation of GPS receivers in proximity
to other celf towers, any interference to GPS receivers
from cell towers would be dependent on the actual
emissions of those cell towers relative to the RFI
susceptibility requirements defined in the applicable TSOs
and RTCA MOPS.

WG to provide
feedback to RTCA
per the resolution
cofumn

John Foley

Introduction

The submission relates solely to certified Garmin
GNSS aviation equipment:

The proposed 250 foot radius standoff cylinder
around a Ligado base station is very similar to the
500 foot radius exclusion zones originally proposed
in the FAA Adjacent Band Compatibility
Methodology.

The 500 foot radius exclusion zones were
evaluated by RTCA's Tactical Operations Comittee
and were found insufficient to avoid adverse safety
and operational impacts to aviation.

The 250 foot
radius standoff
cylinders should
be evaluated for
safety and
operational
impacts by the
Tactical
Operations
Committee.

TOC will be reviewing this
proposal. TOC plans to
follow the WG6 timeline
(Dec 15 feedback to
FAA). This comment will
be forwarded to the TOC
for discussion.
Consensus has not been
achieved on this item.

This comment will be forwarded to the TOC for discussion

WGS to provide
feedback to RTCA
per the resolution
column

&iPage
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- |.(11/8/16 - Ligado Responses to WG6.11-8-16.pdf) and ;
| Garmin provided feedback on this response Q 1116116 -
. ,Garmm Comments on Lsgado Resporses 11-16-: 2016 pdf).,

Both these
_responses are

| available for review

‘on the workspace .~
and will be attached ;
4s part of the final-

| feedbaick from WG6.

WGG to provide -

* | feedback to RTCA =

rthe resolutton

- tcolumn

e : - . requurements ikl il : i S
JohnFoley. - : The submission relates’ solely to cemﬁed Garrmn - 1"Need additional .~ | Lxgado Usnng a Ly Lugado to provnde ratzonale on devuatron of methodco’gy /|Consensus has not
G ~1-GNSS aviation equnpme . confirmation’ that ~1-conditional probabmty | (from FAA recommendatxon) for. assessmentof 0.9 dB - | been achievedon
: “ithe 0.9.dB: “approach to address the | backoff. 2) rationale for the 0.9 dB back off value | this item: Please see
7 l'Ligado’is proposmg an add tional 0. 9 dB reductron reduction for : *1e—6/hr case. ' resolution column
- linthe base station EIRP to a ount forthe aggregate power ~L|gado provnded,a respons on 1122116,- P 'for detarls .
estimated maximum. aggregate power.| received. effects actually . | WG6 The condluonal . | "ligado WG-6 Responses 11-22-16.pdf” for : :
| from other base statxons ‘overboundsthe | probability approach does | .. | Thisitemwillbe
futlire aggregate . | notapplyin thiscase. | shared with the TOC :
This 0. 9 dB reduct:on i$ proposed fo be applied | to power acounting - | The condmonal S “for consideration.
all base stations regardless of the actual network for. vanatlons in: fprobablhty assumptlon IS e
deployment in the area. This btanket assumptxon deployment’
‘only works if:the analys of i A -patternand
worst case ‘aggregate p 'y,igv antenna :
the evolution of Ligado's ne characteristics.. |
does propose a license co i
distance o >= 433 meters, it does not snmdarly :
propose to fimit other network parameters suchas
antenna pattems and downhlt lrmutanons thatare
] necessary.
John Foley 20 6 The submission relates solely fo certified Garmin Clarify which Clarifcation provided that item closed
GNSS aviation equipment: version of the FAA | the version used was the
methodology one that RTCA sent back
The Ligado proposal references the October 3, paper was used. to the FAA. This is the
2014 FAA ABC Methodology and Assumptions marked up version that
document. RTCA sent to the FAA -
Oct 3, 2014.
RTCA reviewed this document and provided
feedback to the FAA that included proposed
changes (RTCA Paper No. 095-16/SC159-1040 -
SC-159 Markup).
it is not clear that the prior RTCA feedback has
been incorporated into Ligado's proposal.
8

Approved in SC-159 Plenary December 13, 2016




John Foley

“The submission'relates solely to cemﬁed Gamm
', GNSS av:atxon equupment

| Ligado has' developed amodel to evaluate the .
ransmit power and presumably has developed a

set of compliter tools to compuite the maximum and

“aggregate RFl: Given'the complex;ty of the

: 'algonthms and the potential for. lmplementatlon

| error, itis important for aviation safety to have an

FAA or RTCA replication of the results presented

i by Ligado, or.a‘review of its specific =+
| xmplementauon of the algonthm

| FANorRTCA

should: conduct an

| independent
“ 1 review of Ligado's
Jtoolsetor.

oorroborate the

| resutts generated ¢
. fromthe tools. -

‘methodology, ‘approach
| and assumptionsinthe .
Ligado Proposal: Ligado"
“to provide toolset to
RTCA for.review and
feedback at 4 fater point |-
in time (Jan 2017). RTCA
| will have opportumty to-.
,welgh inon the tool set

column

Provide feedback’

from SC-159, WG6

per Resolunon G

John Foley

The submission relétes solely to certified Garmin

Specify the step

1 meter stép interval used

item closed

GNSS aviation equipment:

The methodology states that it is not necessary to
check all the way up to the full height of the cell site
as the power reduces monotonically above the
helicopter height corresponding to maximum RF1.

The base station vertical antenna pattern shown on
page 26 does not show menotonically increasing
gain below the peak gain value. There is ripple in
the vertical gain pattern. An algorithm that stops at
the first reduction in received RFl may miss the
peak RFL

peak RF! should
extend up to the
full height of the
standoff cyclinder
{with an
appropriately
small step size) to
avoid incorrrectly
identifying the
point of maximum
RFI.

performed to the full
height of the cylinder

GNSS aviation equipment: interval used to
increment the
There is no specification provided for the step altitude to
intervals used to increase the antenna height for determine the
the peak RF| determination. The use of large steps peak RFI.
may understate the peak RFI.
John Foley The submission relates solely to certified Garmin The evaluation of | Assessment is being Perform assessment to the full ht of the stadnoff cylinder Item closed

i0jPage
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2 ]/dohn Foley - The submission relates solely to cert:ﬁed Garmm ‘| FAA'should: - 1 17Nov2016: Differehce,of Need to discuss the 2dB banking case from the .~ Provide feedback:!
e o 1 'GNSS av:at'on equ:pme " | .confirmthe’” | opinion: Ligado's. | perspective of mean aggregate vs the probabilistic” - from 'SC-159, WGG'
: . lsuitabilityofa - perspecuve (per ngados modeling: Offline discussion held on’ ~11/4I2016 Some per Resoluuon G
E Table 1 specrf s a lower Aviation Safety Margln for* reduced(2dBvs |/ e ABGC ;of the pamc:pants are: - L . : column
‘the 25 degree banking. case, citing the FAA £1:6 dB) safety 1 I iment- | : .
methodology and assumptlons document ‘margin for. . 2014yis = I'ligado, Sal John Foley. Bob Erlandson Ken Peterson
helicopter low .- | probabilistic limit’ | Ken Alexander, Andrew Roy
Appendlx C of the EAA methodology and . ‘altitude banking i addresses the bankmg
~ | assumptions document does specufy a2dB safety [ andpitch | cases ‘and mean power - |
margln for the bankmg and pxtch requnrements - l'operations. Sl limit does | not apply for .
sl - | banking operations:(for /|
; However m sectlon 2 1 ; : S | purposes of assessing
L methodology and. ‘assumptions document theG dB~ . ,comphance) WG6
safety limitis specified. Addmonally, theRTCA {0 ;perspecuve is: that both
markup of the FAA Methodology and Assumph“ o | me ‘ 0 -
document includes a new footnote #3 indicating = | limitapply for b:
' |'thatthe 6 dB safety margin applles for a|rcraft and 5 opelfatlons :
| ground operations. Thus; the 2 dB margi for the T
- | 25 degree banking: case appeam mconsustent and ,,
| needs clarification. :
John Foley 3.0item 2.a 8 The submission relates solely to certified Garmin Clarify the Ligado to provide additional clarification note. Ligado item closed
GNSS aviation equipment: conditions used to provided a response to this on 8Nov16.
generate the
The descriptions of the parameters used to results for
compute the aggregate RF for scenario 1 is scenario 1.
confusing, particuarly the vague text in footnote 8
that states the central tower was different from the
adjacent towers.
13
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John Foley

3.0 item 2.a.ii

The submission relates solely to certified Garmin
GNSS aviation equipment:

Ligado proposes the use of a 1.8 dB reduction from
peak azimuthal antenna gain when determing
aggregate interference effects. This is intended to
represent the average base station antenna gain.
Ligado references the FAA Methodology and
Assumptions document as the basis for this 1.8 dB
gain reduction.

However, the FAA Methodology includes a
probabilistic component to account for variations in
the received power. The Ligado method does not
appear to include any probabifistic aspects in
determining the aggregate RF!, so it would appear
that using the average antenna gain may not be
sufficient to ensure aviation safety.

Since the aggregate interference analysis is
intended to determine the maximum aggregate
interference that could be seen by an aircraft
operating near any Ligado base station, reducing
the base station antenna gain does not seem
appropriate.

Use the peak
base station
antenna gain fo
determine the
maximum
aggregate RFI1.

FAA GPS ABC Study
doc, Scn 3.1.2.1, para 2
has the 1.8 dB reduction
reference.

Need to discuss the variation between the mean 1.8 dB
reduction and the probabilistic variation around the same.

ltem closed

15

John Foley

3.0 item 2.a.ii

The submission relates solely to certified Garmin
GNSS aviation equipment:

How is the aircraft ground control point chosen for
the multi-tower RFI calculations? The selection of
this point seems like it would affect the set of
distances that are evaluated for aggregate
interference.

Clarify how the
aircraft ground
control point is
chosen and what
impact that has on
the aggregate RFI|
results.

resolved

Item closed. Need
more close out info
on this item.

i2iPage
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John Foley 3.1 10 The submission relates solely to certified Garmin Provide Ligado: Design of V and H Pol assumed for MIMO operations - Ligado to item closed
GNSS aviation equipment: justification for the | transmit system aims to provide rationale for this assumption. Ligado provided
assumption of have equal power on H response and group reviewed the same on 10Nov2016. A
Ligado assumes dual polarization for the base dual polarization and V polzn. WG6 follow on action for Ligado to clarify that the the power
station transmissions, with half the total EIRP split | for the base recommends that this be | levels were at the boundary of the cylinder and beyond.
for each. station emissions. | an FCC license Ligado to provide additional text to this end (11/10/16).
restriction.
The FAA methodology assumes only vertical
polarization for analysis of RF{ to in-flight aircraft
from ground base stations. Ligado has evaluated the
power levels at and
beyond the boundary of
the cylinder to ensure that
the power levels are not
violated at and beyond
the 250 ft cylinder
threshold.
16
John Foley 4.1item 2.d 14 The submission relates solely to certified Garmin Clarify source of Ligado clarified that this is tem closed
GNSS aviation equipment: the GPS receive from the the FAA
antenna pattern. methodology and
The Ligado proposal references D0-301 as the assumptions document
source of the GPS antenna pattern. However, DO-
301 doesn't provide the response relative to
horizontal and vertically polarized signals, nor does
it specify the lower hemisphere antenna pattern.
Is the intent that the GPS antenna pattemns
specified in Appendix A, section A.2 of the FAA
methodology and assumptions document be used
for the analysis instead of DO-301?
17
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T

‘| The submission relates solely to certlﬁed Garmm Provide additional |- Consensus has not been” | Ligado to review this further and get back toWG6. [ Thiswas dlscussed :

G SS atlon equnpment ~ | dataof aggregate - | achieved on'this.. . = Potential to look at tying basestation distances to arange | furtheron
RELIf Example 1 caigof antenna helghts Ligado responded to thison 11/10/16 | 11/17/16. and Ligado
It appears: that the hmltmg case dnvmg the 0.9 dB ‘used a'smaller Ligado: Anylicense - | and Garmin responded to the same on11/16/16. has an acﬂon to :
| backoffis in Example 2, with 2’9 m base'station ‘|nterS|te dtstance restrictions should be S : ¢ Irespond to garmin's

height, a banked helicopter, and the 433 m mtersﬁe ‘Garmm response deferred to the regulatory
distance (6.2 BS/Sq.Km).: However, this limitis not jon 11/16/16 “o2e bodies.
much different than:the Example 1-case that used :
alarger intersite distance of 693 m (2.4 - ,ngado s,’h,,oen,se WGe: g
BS/Sq. Km) but thh 2 variety of base statron and should require Garmin's proposal;
G

| feedback from’
1/16/t6.

sC.1s9, weé o

‘that it modify the ‘Ligado’s license should . -provide feedback’
: additional EIRP. | require that it modify the: | - Lperthe resolutlon
Is there anythmg preventlng the most stnngent . | backoff to account ‘additional EIRP backoff to column
| conditions in the Example 1 case from occurring © | for “account for

with the 433 m intersite distance? Would this result 1aggregate RFI aggregate RFIfrom an
in a larger required backoﬁ for aggregate . ilfromanurban .. | urban macro cell Gt
‘| inter ference" ininaa: deployment with'acell "
- c - . ‘deployment w;th a /| radius of 0.25km (433m
Since the ng ado proposal aliows for an intersite. | celiradiusof = | 1SD)and
- distance down to 433 meters, should the Example | 0.25km. (433m - I'an'antenna height of
| 1 cases also 3e evatuated atthatdistance?. .~ [ 1SD)and 25m, consistent with the ;
G S _an antenna’ hexght smallest urban macro cell
| of 25m, consistent | radius'shown in Table3 -1
with the smallest | of ITU-R M.2292.
| urban macro cell |- Alternately, the license :
| radius shown in | shouid include a condition |
| Table3 . Itorestrict base station :
| of TTUR M. 2292 {-anterina heights to 9m:
‘Alternately, the |- when the ISD falls below

| license should . - 693m
S include a
‘I condition'fo
‘restrict base
|| station. '
/ antenna heightsito -
ik 9m when the 1SD
| falls below 693m: -
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John Foley 5.1 16 The submission relates solely to certified Garmin Provide Ligado to provide additonal results for 0 and 25 degree Ligado response
GNSS aviation equipment: justifcation for the bank angles and 8, 10 degree downtilt (Update to pending
selected Use Example 1).

There is no justification provided for why the Case parameters. 1) provide antenna

Example 1 parameters wilf produce the maximum "L igado provided an update on 11/22/16: "Ligado WG-6 data sheet with diff

delta RFI. For exampie, only 4 of the Use Cases Responses 11-22-16.pdf". These responses were limited gains

utilize the 25 deg bank angle. Itis unciear why all to the case of deterministic propagation modeling.

of the Use Cases do not use both bank angles. 2) update table to
Pursuant to discussions during the meeting, Ligado has capture the 25 deg
the following actions: banking analysis
1) to provide more information on the propagation path 3) provide gains on
losses vs radius for horizontal and vertical polarization direct and reflected
components. rays for case 28
2) provide all the details of the computation for one of the | 4) use case 28,
scenarios in the Nov 22, 2016 response fo item 19 details with the 25
(Scenario 28). deg banking

analysis.
19
John Foley Appendix 1 19 The submission relates solely to certified Garmin Clarify Clarification provided Clarify in the Appdx that the 433 m ISD translates into a item closed
GNSS aviation equipment: computation of the given density of stations for a given hexagonal side value.
cell density which

This section appears to be switching between cell is an input to the

density and base station density when determining | computation of the

the minimum intersite distance. It is unclear how intersite distance.

20 the cell density of 2.2 BS/Sq. km is computed.

15{Page
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John Foley

Appendix 2

21-26

The submission relates solely to certified Garmin
GNSS aviation equipment:

The base station antenna pattern on page 26
provides only one example of a base station

antenna that might be used in the Ligado network.

Obtain
explanation for the
selection of the
base station
antenna pattern
used in the Ligado
method. Clarify
whether or not the
base station
antenna pattemn
will be updated
when determining
the baseline
reference power
for an individual
cell site (Step 1 of
the Ligado
method).

Evaluate whether
the Ligado
method
adequately
addresses the use
of other antennas.

Ligado to provide clarifying note in regard to antenna
pattern assumptions on analysis for aggregate backoff vs
specific patterns for single basestation calculation.
Response provided by Ligado in 11/8/16 feedback.

ltem closed

21

IwWas-

various

~Exec Summary. T

- How is the 250 ft. standoff cylinder minimum '
radius justified? It seems that the RTCA TOC dxd :
'not recommend any min. rad:us - -

Provide detailed:.
technical

| justification

‘Evidence suggests that
emissions into‘the GNSS ’
barid from other sources’

Consenisiis has not been
achieved on this item
Ligado perspective:

arein excessof the.

RTCA criteria: WG6

perspective: There is
conclusive evidence
the data presented th
we have these higher
levels of OOBE from PCS

and other sources in the

GNSS band.

; Lxgado to prowde updated xnformatxon onthe OOBE

emissions from other cell sources into the GNSS band at
1. Ligado to include relevant points for the technical :
justification of the 250 1t standoff radlus L|gado prowded

: response on11/8/16:

- Prévidefeedﬁack

| from SC-150, WG6

| perresolution’

column

16lPage
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g ‘Why was the Ligado downlink propagation

. - | modeled using a detenmmstm two-ray model while
| the uplmk was modeled assumlng a probablhshc

* | propagatione envxronment" -

The downlink
interference

scenario shouldbe | -

* | redone using the

| probabilistic.

-| propagation.

- | model outlined in
the RTCA ABC

study document as

1 both the mean

power limitand

| the socalled rare

limit imply that
such a model be
used ‘

Consensus has not been s

achteved

,Lxgado in con;unction
with the response foritem |
12, the methodology

utilizes a'use case based”

conditional probability of -
‘the helicopter being at the |
‘most vulnérable pomt on . :
|-the standoff cylinder.

‘| WG8: The oon'ditionai Fi
probability approach (per
‘|.interpretation of the ABC

methodology doc) is niot

‘_xgado to provrde wnte up that explams the rationale used
W, by wWGe6. ngado

Provide fe'edbac'k':w -
from wgb per -

T undmg them?

| small cell, seems fo also cover the larger cell
, example in 4 1.1. Would those small cells be
. ‘operated sunultaneously wnth the larger cell

2 necessary,

revised analys15

| Consensus hasnotbeen:

achieved on this.

| Ligado: Freq retise will

preclude having & small
cell network within'a
larger cell. :

Any license restﬁcﬁohs‘ :

should be deferred to the
| regulatory bodies. -

| WG6: Recommend that -

there be a restriction-on -
the license similar to what
was proposed inLine 18:

b iz _applicable for this'case: prowded feedb on 11/16/16 resolutxon column;
g Tab,el hsts the RFI hxmt forthe bankmg e Revxse forproper e 5 :
i lon -1tatlonas~30 i dBm (rare condition at 10‘ meanandrare S SR

condnon limit : Consensus has ot been & K
apphyqaqorySee o achveved i e ' o
| : - e - - | Provide feedback:.
: G . ,Please see. responses to 1. See ftem 12, plan 16 have meeting before end of week from wgb per. :
L o , items 12 and 23 (aaney. L . : . resolution column.
15 F'Report ITU-R M.2292, referenced for the 043 km |/ g - o

Ligédo ‘bontinumg to evaluate this and will provxde more
information'to WG6 on the same once analysis is :
‘complete. Ugado provxded addmonal feedback on:11/8/16

onitem 20,

“Provide feedback
fromwgbper =~
‘resolution column

i7|Page
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2

Larry ;:hmto I

kOye’rView,; o -
{Power Control) |

is not clear how power is controlled: Is it fixed at
ach site or-controlled:by a computer.

=

(3

Ifitis controlled: -

| by computer,” 7

then RTCA/DO-
178 on software

| should be applied .

aitis for certified -

| aviation receivers”

Please see’comment 35

(which mirrors this'::

commentand adds to th
same) for resolution:

| Ligado provided resporise on 11/8/16.

{'Ligado to provide write u p to clarify this query (in terms of |
‘ “1-Provide feedback

how the power is controlled, regulatory mechanism that

termines compliance).

from SC-158, WG6
per resolation

-|column

27

Larry chesto

3.1
{Propagation)

Not sure why 2-Ray model is not applied when the
distance exceeds the breakpoint distance.

It may not matter
when the aircraft
is in motion as the
reflected signal
strength will
change. Rate of
change depends
on aircraft

speed. Ina
stationary
condition, one
could have a
Fresnel zone
interference
situation which is
similar to the 2-
Ray concept. Ina
communication
system this is
resolved by
changing antenna
height

Ligado's assumptions are
more conservative and

addresses this query

item closed

28

Larry chesto

Overview
{Antenna)

they can not use an existing antenna for this band
of operation {1526-1536 MHz)

a low pass filter
should be
investigate that
can be in front of
antenna or
integrated into
the

antenna. There
are companies
that custom
design RF filters
{e.g. Anatech
Electronics). This
would solve this
complex problem

Please see comment 35

(which mirrors this

comment and adds to the

same) for resolution

Sai and larry to tie off on this.

item closed

i8lPage

Approved in SC-159 Plenary December 13, 2016




The RFI limit was not evaluated at the top of RFI Limitis
Gregory cylinder. An antenna with a poor upper side lobe analyzed for tigado plans to comply at
Baker 2 suppression (For 90/65/45 degree beamwidths) or | antenna with poor the entire boundary Item closed
an omni antenna could radiate enough power o USLS and Omni around the antenna Ligado to provide data for the top surface of the standoff
29 break the RF Limit antennas cylinder. Ligado provided data on 11/8/16
2-ray model case only applies to reflected path with . .
ground, not the top of the rooftop. A very common 5:;;“;22 :)r with Ezs“:z n?t zxpect:-d to be
Gregory 9 scenario in RF Deployment is in a rooftop mounted reﬂeil:tion wave and i rs bc sn?;c bnatl;o It losed
Baker site where the antenna is mounted ~10-40 feet coming from w Its subsu ﬁy e em close
from the rooftops edge for mounting purposes or rooft'og :;‘s gas;e s;;ena ? "
due 10 Zoning p analysis (to be confirmed)
30
Grego Clarification on worse case antenna: Is it only For MIMO net EIRP will
Bakgrry 17 limited to di-pole arrays? In a multi-beam antenna, be consistent with the ltem closed
31 is the power restricted per radio, or per antenna? commitment
Consensus not achieved:

_

| Ligado OOBE |

updated

e |

| Emissions correlate to frequency response of

‘spectrum analyzer and/ar ampiifier. For Radio#3
and Radio #4, the displayed power on the
‘spectrum analyzer in the spurious region of the

- | remote radio head; as well as the displayed:power.-
| inthe GPS.L1 band, appears tobe noise. . -
- generated from the test equipment.

“provided by -

Clarify the GOBE
emission tests -
Ligado are not
related to the fest
eq’uipm’ent

| Ligado perspective:

Evidence suggests that

~émissions into'the GNSS
‘band from other sources
are inexcess of the
RTCA criteria: WG6
‘perspective: There isho -
/| conclusive evidence from
the data presented that
_we have these higher .~

levels of unwanted
emissions (including

.| OOBE and'spurious :
- '|:emissions) from PCS and-

. |-other sources‘in the

'GNSS band;

- Greg Baker To present the calculations for radio head
- power level. Update - 11/17/16: Pls see "Power Calc -

‘Greg Baker.pdf". Santanu to provide a short write upon
- what a cumulative -8 dBm OOBE implies (for eg: 2 48

1. carrier) -

dBc

I Pré\}idé feedbackto

SG-159, WG6 per
“resolution column,
Consensus not

o ‘_ac;hievad .
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Sal ‘

' As apphcable {o civil certrf ed GPS receivers, how

Please clarify how

-Consensus not achiever

Ligado Requnégf GPS

ol

GénerafScdbé’ INA

procedure; {FR: . instrument flight |

: Kalyanaraman does the 1e-3 threshold for the aoquusmon caseat Sazz: :ﬁ:xsmon :;‘::és:f: ‘:;Zsuur:(e):nent
E: l;n');i;weu ’ g f!sBpl::‘l)%v;/at:we trackmg threshold get addresse n .| addressed by this fperthe original FAA e
; ' | proposal. ‘tasking letter (2014 | , WGB o Provide
; 1 and RTCA respuuw in.o feedba_ck per.. -
: resolution column. .
i : : Consensus not
334 achieved
-Should scenatios related to receiver s Either (131
mmat|zat|on/power-uplsatelhte acqmsmon be L Ehe r(t ).ﬂ? "
| assessed that correspond to EMS helicopter g%%z Tv(leC e
operations to/from mck-up scenes (in additionto - - defins 4 r<,) fate
: ‘IAPs)‘> The scenario would define (a) if the receiver | 5 eh ariopspan%
Aoy | is generally powered up through the: plck-up orifit - airess ' . .
Various (Ref: | /must be assumed the receiver can be powered up compatibiit thh ﬁ Consensus not achleved‘ :
| WG=6 telecon: _and initialized at the scene, (b) what the receiver oxi st? 2 MOyPS | item not fully resolved.
4 Nov.2016) operating state is required to be before depamng e ulregme Ats and Do bothitems 1and2
: e  the pick-up scene, and () the. needforthe ‘tesqt rocedures L i chi /
helicopter to support IFR operahons ata spec:ﬁ o % Submit th
-time, altitude or distance from the pic o or- (2) Submi €
i : ‘A commenttothe
and/or destination.” ' EMS: emerg L EAAtortheir -
services; 1AP: instrument apy | ravitortnelr no WGt to Provxde
; i consideration o] - feedback per.

resolution column..
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35|

“1 General Scope -

N/A

i) Power conlrol Soﬂware secunty and Inlegnty

Ligado has act n ltem on part of this. s max TX.:
power. 60 W’? o

2 sed noise in the
etro'area, it is
necessary to keep addmonal roxse at'a minimum.

' ngado approach .
:the correct

‘| However, one
in ngado paperand 4

ﬂand tesls of the
1'system are

available and
| be analyzed y

A thatwill

: transmlﬂer and

appears to be m

direction.

; Tl’lis,comment willbe

provided fo the FAA'as
such. Consensus not
achieved

; ~L|gado Thls wnll be

. addressed by Ligado in

: conjunctxon with'the FCC™
- | priorto rollotit of the
“network.

should notbase a
conclusionon
equipment ata'
for other :

tests of eqt pment
: sed

including

antenna::

-~ | WGE: Understandlng that

power control is being

im| Iemented inthe

tworks (and is the norm
r cellular ‘network

( peratlons) -thie onus of
ensurning that the transmit
power level requirement

is being met (atall times

atthe applicable

| probability threshold) so

as to not interfere with
certified safety of fife

operations needs to be
| taken into account in
{terms of désign of the
system (and relevant

| 'system monitors). This
| needs fo be addressed as
| partof glicense
| condition.

| WG 16 Provide

“feedback per
resolution column..:
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